The purpose of the project has been to assess the suitability of groundwater quality for irrigation purpose in the Hantebet catchment (24.4 km 2 ), Tigray region, northern Ethiopia. The total numbers of hand dug wells in the area are 154. Out of these, 110 are functional and the remaining dried out. Stratified and random sampling techniques were utilized to select representative samples of groundwater. Accordingly, twenty groundwater samples were collected from twenty hand dug wells for chemical analysis. Twenty soil samples were also collected from the command area of the hand dug wells from where the groundwater samples were collected. Both groundwater and soil samples were analyzed for Ca The results indicate that the groundwater in general is suitable for irrigation purpose. In the case of soils about 80% of the soil samples indicate no hazard but 20% are saline. The soils are free of sodicity hazards. However, i) to achieve a full yield potential; ii) to sustain it for long period of time; iii) to avoid the possibility of increase in salinity, and iv) to avoid the possibility of occurrence of sodicity and toxicity hazardous in future, proper irrigation scheme is required in the form of crop selection, fertilizer usage and suitable alternative management.
To alleviate the challenges of food insecurity in the country, promotion of irrigated agriculture was given priority in the strategy of the nation. Irrigation is one of the methods used to increase food production in arid and semi-arid regions. It can enhance food security, promote economic growth and sustainable development, create employment opportunities, improve living conditions of small-scale farmers and thus contribute to poverty reduction. Furthermore, it increases subsurface water levels and recharges groundwater. On the other hand, if irrigation is not properly managed, it can have adverse effects on the environment and the users.
Groundwater utilization was considered as a potential option next to surface water harvesting operations in Tigray. Farmers are advised to dig hand dug wells on their farm plot and utilize the groundwater for irrigation. Utilization of groundwater as a source of water for irrigation would boost the farmer's production two to three times in a year. This will help the farmers to attain food security at the household level.
To overcome the water scarcity in Hantebet watershed, the households constructed about 154 hand dug wells for irrigation purpose till now. The households benefited from the intervention by cultivating and producing different high value crops once up to two times per annum due to the availability of water.
Availability of water by itself is not a guaranty for sustainable development, but, its fitness to specific purpose like irrigation, domestic or industrial use should also be verified. Only economic advantage cannot sustain the practice. Other such as ecological and social issues needs to be taken in to account in the development and management of the schemes. Quality of the water is part of the ecological issues required to be considered in the early beginning. Knowledge of irrigation water quality is critical to understanding what management changes are necessary for long-term productivity (Bohn et al., 1985; FAO, 1985; Brady, 2002) . Besides these, irrigated agricultural crops need very good quality water.
In the study area, the beneficiaries as well as the extension workers do not have a detailed knowledge on the suitability of the groundwater for irrigation purpose to produce crops. Studies concerning this issue have not yet been done in the area. However, sustainable utilization of groundwater as a source of water for irrigation requires quality and quantity fitness of the groundwater for this purpose. This paper addresses one of these gaps, which is determination of the suitability of the groundwater for irrigation purpose. Therefore, the main center of attention of this paper is mainly to assess the groundwater suitability for irrigation in Hantebet watershed; to determine the degree of salinity, sodicity, and toxicity of the groundwater; and to examine the extent of soil salinity and sodicity of the irrigated area of the hand dug wells of the watershed.
Description of the Study Area

Location
The catchment area is located in southern Tigray Regional State in north Ethiopia.
Geographically it lies between 1467000 to 1476000 m N and 523000 to 530000 m E, and is estimated to have an areal coverage of 24.4 km 2 (Fig.1) . Figure 1 . Location map of the study area.
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Physiography and Drainage
The basin consists of vast depressed areas that extend from northeast to southwest bounded by adjacent highlands. Altitude ranges from 2000 m above sea level on the lowland to mountain peaks greater than 2600 m above sea level. The average elevation of the basin is 2330 m above sea level with peaks reaching 2660 m above sea level.
The studied area is drained by a perennial river called Hantebet' river. It originates from the northern highlands and flows towards the southern flatlands and finally joins the Tekeze River, which is the main tributary of Atbarah River in Sudan. There are in addition many small intermittent and a few perennial meandering rivers that drain the area. These streams originate from the surrounding highlands. The streams are dense at areas of higher slopes and sparse where the slope is relatively flat. The lengths of the longest and shortest streams are 7145.5 m and 89.8 m, respectively. Most of the longer streams are found on flat plain of alluvial deposits whereas the shorter ones are on the flunk of the mountain covered by mostly dolerite intrusions.
Most of the steep well-drained areas usually have numerous small tributaries whereas the gentle slopes and plain areas have long streams in places where the soils are deep and permeable. In general, the studied area has a dendritic drainage pattern (Figure 1.1) . The main sources of supply for the streams are precipitation during the rainy seasons and to a lesser extent the shallow perched aquifers during the dry seasons. The basin has no any other inland waters such as lakes and ponds.
The mean annual minimum air temperature of the area is 11.15 ºC. The mean annual maximum air temperature is 23.39 ºC. The mean annual air temperature of the area is 17.3 ºC. The mean annual rainfall is 632.08 mm.
Soils
The soils in the basin are light sandy and highly plastic clay soils, which seem to have different distributions (Table.1 ). Substantial area of the cultivated land is dominantly covered by fine sandy loam soil with a presence of clay loam and clay soils in very limited areas. A considerable area of the upstream side has sandy clay soil in which no activity is practiced on the hillsides.
Other than these, some part of the homesteads and wood land of the catchment's area has mainly of sandy loam soil. Within this area agriculture is practiced to some extent. Table. 1. Area coverage of the different soil types (Source: Nata, 2006). .
Land Use
Six major land use types were identified during the field assessment made on the basin. These are cultivated land, grazing land, dense woodland, homestead, sparse woodland and bare land. Of these, cultivated land constitutes 10.16 km² (41.67 %), which is the largest portion of the total area. The agricultural practice is largely undertaken in the slope range 0 -15 %. The major agricultural crops produced in the area are wheat, teff, sorghum, maize, and barely.
Grazing land constitutes 1.66 km² (6.81 %) of the total area. Forestland covers 1.36 km² (5.58 %)
of the total area of the catchment. This area which is named as "forest land" (both scattered and densely forested area) includes areas, which are covered with very scattered acacia trees, bushes, cactus and eucalyptus trees. The rest of the land use types cover homestead, 2.67 km² (10.95 %), and bare land, 8.53 km² (34.99 %), which is the second largest portion of the total area next to cultivated land.
Geology
The major lithological units in the studied area are dolerite, shale, limestone, meta-sandstone and thick alluvial deposits. Stratigraphically, the limestone (which covers 12% of the total area) is found at the base overlying by shale (13.4%) and then followed by meta-sandstone (0.5%).
Overlying these successions, the igneous intrusions of dolerite as a sill and dike (45.2%) are exposed on the top parts of hills and plateaus. Alluviums (28.9 %) are found having different thickness overlying all these successions in the lowlands.
Groundwater Development
The investigated area is currently supplied mainly with groundwater from developed hand dug wells. The shallow, mostly unconfined and confined, aquifers in the thin alluvial covers and weathered and fractured upper parts of the rocks are exploited through these hand dug wells.
They supply water daily for domestic, irrigation and livestock consumption. In the studied area, huge amount of groundwater is extracted using dug wells. Around 154 hand dug wells have been inventoried. Out of these, 110 are functional whereas the remaining 44 are dry. These hand dug wells were constructed from 2003 to 2008 for the purpose of irrigation, domestic and livestock's uses. This technique was introduced to the area during 2003 by the Regional government. The households are nowadays benefiting from the intervention by producing different high value crops twice to three times in a year. All most all the hand dug wells are found concentrating around the major river and its tributaries (Fig. 2) . The range of spacing of wells varies from less than three meter to above 50 meters. The main cause for the existence of crowding and close spacing of wells is related to land ownership. 
METHODOLOGY
Data Collection
To assess the suitability of the groundwater for irrigation purpose, the methods employed comprises of office work and fieldwork. Extensive work was carried out by collecting pertinent primary data of the area in the field and secondary data from different offices. The topographic map of 1:50,000 scale was used as a base map. Geological and hydrogeological maps of the area were prepared using this as a base map.
Collection, analyses and interpretation of topographical, hydrological, meteorological, soil, geological and hydrogeological data and maps, geological and hydrogeological logs and other secondary data were done at the office level.
During fieldwork various activities were carried out. The boundary of the watershed was delineated with the help of GPS in the field and latter on finalize with the help of ArcView GIS 3.3 software at the office. Data for slope, land use, soil, geology and water points were collected in the field with the help of GPS. Inventory of all the available water points and also in situ measurements of their respective electrical conductivity of the groundwater and its corresponding temperature measurement were also carried out.
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To determine the suitability of the groundwater of the watershed for irrigation use groundwater and soil samples were collected and analyzed.
Sampling
Initially inventory of all hand dug wells that are available in the area was carried out. After knowing their total number, all hand dug wells that are functional for irrigation purpose was identified. During inventory, in situ measurement of electrical conductivity and temperature of the groundwater, and air temperature for each well were carried out. Since the electrical conductivity values were measured in situ at a temperature different from the standard 25 C, an adjustment of the electrical conductivity values of the water was made by multiplying the respective measured electrical conductivity value by the factor corresponding to the temperature at which the measurement was made.
To determine the number of water samples for chemical analyses, stratified and random sampling techniques were utilized. The in situ measured and corrected electrical conductivity values of the groundwater were grouped into different water classes based on Quality Classification of Water for Irrigation (Wilcox, 1955) . Then after, twenty groundwater samples were selected randomly from the different water classes for chemical analyses.
Soil samples from the command area of the hand dug wells were also collected for chemical analyses. The samples were collected from the hand dug wells where the water samples were collected. Twenty soil samples were collected for analyses.
Data Analyses
The groundwater samples were analyzed in the Ethiopian Water Works Design and Supervision Enterprise Laboratory Service, Addis Ababa. The samples were analyzed for calcium (Ca (ECe) was also determined for each sample. The Sodium Adsorption Ratio (SAR) and Exchangeable Sodium Percentage (ESP) were also computed for each sample. ESP value for each soil sample was computed using the computed value of SAR for each respective soil sample.
Various thematic maps such as location of the study area and location of hand dug well sites were produced by using ArcView 3.3, CorelDRAW 12 software and the data is analyzed using SPSS version 11 software.
RESULTS AND DISCUSSIONS
Suitability of Groundwater for Irrigation Uses
Irrigated agriculture is dependent on an adequate water supply of usable quality. Just as every water is not suitable for human beings, in the same way, every water is not suitable for plant life.
Water containing impurities, which are injurious to plant growth, is not satisfactory for irrigation, and called unsatisfactory water.
In the study area since the source of water for irrigation is groundwater, its suitability for irrigation use was determined by evaluating the potential of the groundwater to create soil or crop problems through salinity, water infiltration rate, toxicity and a group of other miscellaneous problems.
The data generated for the groundwater samples are given in table 2 and FAO (1989) guidelines for interpretations of water quality for irrigation are used to evaluate the suitability of the groundwater of the watershed for irrigation.
Salinity Hazard
The salt concentration is generally measured by determining the electrical conductivity of water.
For all the analyzed samples, the measured electrical conductivity values are given in table 3.
Out of the analyzed twenty groundwater samples, eight samples have an electrical conductivity values below 0.7 dS/m and the remaining twelve samples have an electrical conductivity ranging from 0.71 to 1.12 dS/m. Therefore, based on electrical conductivity values, two types of groundwater are recognized in the watershed: a groundwater that is not hazardous and needs no restriction on use and a groundwater that needs slight to moderate degree of restriction on use.
The first type groundwater can be used for irrigation for almost all crops and for almost all kinds of soils. No soil or cropping problems will rise. Very little salinity may develop which may require slight leaching; but it is permissible under normal irrigation practices except in soils of extremely low permeabilities. To achieve a full yield potential using the second type, gradually increasing care in selection of crop and management alternatives are required. The two most common water quality factors that influence the normal infiltration rate are the salinity of the water and its sodium content relative to the calcium and magnesium content. High salinity water will increase infiltration. Low salinity water or water with high sodium to calcium and magnesium ratio will decrease infiltration. Both factors may operate at the same time. The infiltration rate generally increases with increasing salinity and decreases with either decreasing salinity or increasing sodium content relative to calcium and magnesium -the sodium adsorption ratio (SAR). Therefore, the two factors, salinity and SAR, must be considered together for a proper evaluation of the ultimate effect on water infiltration rate. For all the samples that were analyzed, the SAR values were calculated and are given in table 3.
As it is shown in the SAR values of the reaming nineteen samples are ranging from 0.583 to 1.679. However, these nineteen samples are classified into two groups based on their respective electrical conductivity values even though they are grouped in one class according to their respective SAR values; SAR = 0 -3. Eleven samples (HAGW-S1, HAGW-S3, HAGW-S4, HAGW-S5, HAGW-S6, HAGW-S7, HAGW-S8, HAGW-S15, HAGW-S18, HAGW-S19 and HAGW-S20) have electrical conductivity values of greater than 0.7 dS/m; indicting no hazards of sodicity will rise if the groundwater from these eleven wells is considered for use. The electrical conductivity values of the reaming eight samples range from 0.7 to 0.2 dS/m, indicating that the groundwater from these hand dug wells needs slight to moderate degree of restriction on use.
In general, the groundwater from HAGW-S1, HAGW-S3, HAGW-S4, HAGW-S5, HAGW-S6, HAGW-S7, HAGW-S8, HAGW-S15, HAGW-S18, HAGW-S19 and HAGW-S20 hand dug wells can be used for irrigation with little danger on almost all soils and for almost all crops except those that are highly sensitive to sodium. Sodium-sensitive crops such as stone-fruit trees and avocados may accumulate injurious concentrations of sodium.
The groundwater from HAGW-S2, HAGW-S9, HAGW-S10, HAGW-S11, HAGW-S12, HAGW-S13, HAGW-S14, HAGW-S16, and HAGW-S17 hand dug wells is hazardous for use on fine textured soils that have high cation-exchange capacity. This water may be used on coarse textured or organic soils with good permeability.
Toxicity Problems
As it has been explained above, SAR values were computed for all the analyzed twenty samples.
With the exception of sample HAGW-S2 (SAR = 3.095), in all the remaining samples the SAR values are well below 3, indicating no sodium toxicity will rise by using the groundwater from these hand dug wells for surface irrigation. In the sample HAGW-S2, however, the computed SAR value (Table 3) suggests the necessity of slight to moderate degree of restriction on use of the groundwater from this hand dug well for surface irrigation. The likelihood of sodium toxicity hazards is high if the groundwater from this hand dug well is considered for surface irrigation use. The toxicity of chloride depends on its availability in the water. All the samples were analyzed for chloride. As shown in table 3, the chloride concentrations in the groundwater of the watershed range from 0.435 to 0.393meq/l. In all the analyzed samples, the concentrations of chloride are below 3meq/l. This suggests that, if the groundwater of the watershed is considered for both surface and sprinkler irrigation uses, no chloride toxicity will rise.
Miscellaneous Problems
Bicarbonate, although not ordinarily thought to be a toxic ion, is reported to cause zinc deficiency in rice. According to Mikkelson (FAO, 1989) , bicarbonate in excess of 2 meq/l in the water used for flooding and growing paddy rice is reported to cause severe zinc deficiency.
As it is shown in table 3, the concentrations of bicarbonate in all the analyzed samples of the groundwater are above 2meq/l. The measured bicarbonate concentrations range from 5.124 to 9.660meq/l. Rice is not a common crop in the study area. Nevertheless, in the future, if it is considered as an alternative crop and groundwater is considered for irrigation, the bicarbonate level in the applied water must be considered to cope with zinc deficiency that might reduce production under prevailing conditions of use. This can be remedied by adding zinc to soil before flooding or at the time of earliest appearance of the chlorosis. Actual zinc of 8 to 10 Kg/ha from zinc oxide or zinc sulfate is surface applied to remain in the upper 5 to 10 cm of soil (FAO, 1989) .
Nitrogen (NO 3 -N) in the applied irrigation water is generally beneficial to most crops but may cause problems for some. Nitrogen in the irrigation water is readily available and if present should be considered as an important part of the fertilizer program. For most crops, this nitrogen is equivalent to fertilizer nitrogen and should be included in the total nitrogen planned for applications. For a few crops, however, the added nitrogen from the water may be too much and result in excessive and vigorous growth, delayed or uneven maturity, and reduced quality. These sensitive crops include apricots, grapes, sugar beets and cotton, but there are probably others.
The groundwater of the study area was analyzed for NO 3 -N. As shown in table 3, the nitrate (NO 3 -N) concentrations of the groundwater of the watershed, with the exception of HAGW-S18, are well below 5 mg/l. This suggests that, if the groundwater of the watershed is considered for irrigation use, no quality problem associated to N will rise. However, in HAGW-S18 the measured NO 3 -N value suggests the necessity of slight to moderate degree of restriction on use of the groundwater from this hand dug well for irrigation. The likelihood of quality problem is high if the groundwater from this hand dug well is considered for irrigation use.
measured pH values of the groundwater of the watershed ranges from 6.55 to 7.26 (Table. 2). In general, from pH point of view the groundwater of the watershed is safe and can be used for irrigation.
Soil Analyses
The data generated for soil samples are given in the table 4 and are discussed below. 
Soil Salinity
To assess the extent of salinity, soil samples from the command area of the hand dug wells were collected and analyzed for EC (1:5). The minimum and maximum EC (1:5) measured value was 0.129 dS/m at 25 °C and 1.062 dS/m at 25 °C, respectively, with a mean EC (1:5) value of 0.325 dS/m at 25 °C. Moreover, the electrical conductivity of saturation extracts of the soil paste (ECe) was also determined. Therefore, the corresponding minimum and maximum ECe value was 1.36 dS/m at 25 °C and 4.65 dS/m at 25 °C, respectively, with a mean value of 2.487 dS/m at 25 °C (Table 4) .
Soil Sodicity
Alkali hazard or sodium hazard was evaluated based on the calculated parameters of Sodium Adsorption Ratio (SAR) and Exchangeable Sodium Percentage (ESP). SAR is the proportions of sodium to calcium and magnesium. For all the analyzed soil samples, SAR was computed.
Accordingly, the calculated SAR values range from 0.111 -1.571 with an average of 0.620 (Table 4) . By convention, a soil with SAR value greater than 13 is considered as sodic soil (Soil Science of America 1984 , cited in Janzen, 1993 . In the study area, all the computed SAR values are well below 13. Therefore, the soil of the area is free of sodic hazard.
Exchangeable Sodium Percentage (ESP), the proportion of exchangeable sodium to cation exchange capacity multiplied by 100 %, was also considered as a parameter to evaluate the extent of sodicity of soils. Soil with more than 15 ESP associated with pH value of 8.5 and above is considered as sodic (Brady, 2002) .
ESP value for each soil sample was computed using the computed value of SAR for each respective soil sample. There are various relations developed between SAR and ESP. According to USSL staff 1954 cited in Levy (2000) , the soil ESP can be estimated from SAR of saturated paste extracts using an empirical relationships of ESP= 1.95 SAR + 1.8, when more dilute extracts are used, such as 1:5 soils: water ratio.
Therefore, from this relation, ESP was computed for the soil samples of the study area.
Accordingly, the computed minimum and maximum ESP value was 2.016 and 4.863, respectively. The mean ESP value was 3.010. The pH of the soil for each soil sample was measured in the laboratory. In the watershed the measured pH value of the soil rang from 6.77 to and pH less than 8.5 are classified as normal soil. Therefore, 80 per cent of the soils of the study area are normal soils. In the remaining 20 per cent (soil samples HASS5, HASS7, HASS11 and HASS12), where a soil with electrical conductivity of saturation extracts (ECe) greater than 4.0 dS/m at 25 °C, ESP less than 15 %, SAR less than 13 and pH less than 8.5, the soils of the area are considered as saline soils.
CONCLUSIONS AND RECOMMENDATIONS
Conclusions
Generally, in the watershed the groundwater is suitable for irrigation purpose. The soils are free of any soil sodicity hazards. The majority (80 per cent) of the soils are normal soils, free of any soil salinity whereas the remaining 20 percent of the soils are saline but free of sodicity hazards.
However, i) to achieve a full yield potential; ii) to sustain it for long period of time; iii) to avoid the possibility of increase in salinity, and iv) to avoid the possibility of occurrence of sodicity and toxicity hazardous in future, proper irrigation scheme is required in the form of crop selection, fertilizer usage and suitable alternative management.
Recommendations
To maximize the benefits from irrigation activities the following recommendations are suggested.  Farmers should be advised on the site selection and drilling of the wells:
 Groundwater utilization and management policies should be formulated and implemented to overcome future conflict in utilization of the groundwater resource in the area and also to maintain the sustainability of the irrigation scheme:
